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Abstract. Compact dual-band bandpass filters with 
stepped-impedance conductor-backed asymmetric copla-
nar waveguide resonators are proposed, and synthesis 
formulas are derived to facilitate the design. By using 
an asymmetric topology, two additional transmission zeros 
are obtained. To further improve the selectivity, an embed-
ded coplanar waveguide resonator is proposed to achieve 
two independently controllable transmission zeros. Two 
dual-band bandpass filters are designed and fabricated. 
The measured results validate the proposed design. 
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1. Introduction 
Currently, dual-band bandpass filters (DBBPFs) are 
highly desired in modern wireless communication systems. 
To meet the need, some ingenious DBBPFs have been 
reported. In 1997, a DBBPF was first realized with parallel 
connection of different bandpass filters [1]. Then, many 
DBBPFs based on the concept have been developed by 
using two sets of independent resonators combined with 
common input and output ports [2-4]. In 2004, another 
type of DBBPFs was presented by using a wideband band-
pass filter cascaded with a bandstop structure [5]. However, 
the size is very large [1-3], [5]. To reduce the size, the 
methods using stepped-impedance resonators (SIRs), dual-
mode resonators and defected ground structures (DGS) 
have been reported in [6-12]. However, the design of these 
filters is conducted by the electromagnetic (EM) simulation 
which is inefficient. To improve the efficiency, a system-
atic synthesis method was presented for a DBBPF with 
controllable second passband in [13]. Based on the concept, 
flexible passband and bandwidth selections were achieved 
by replacing uniform-impedance resonators with SIRs [14]. 
The DBBPFs in [13], [14] has been a popular choice due to 
its relatively simple design procedure (closed-form design 
formulas are available). However, the selectivity needs to 
be improved. 
Usually, the selectivity can be enhanced by increasing 
poles, but the size is also increased. To solve this problem, 
cross-coupled filters have been proposed. In [15], cou-
pling/shielding lines were presented to control the cross 
couplings for realizing two independently controllable 
transmission zeros. However, the synthesis of the coupling 
matrix is complex. Open stubs or spurlines were also used 
to improve the selectivity [7], [16]. However, the dimen-
sions of the DBBPFs are needed to be adjusted for a good 
impedance matching in the passbands. 
Many DBBPFs have been designed with microstrip 
lines. However, only few designs have used coplanar 
waveguides (CPWs) [17], [18], which are sensitive to envi-
ronmental effects because their fields are less confined than 
those of microstrip lines. To solve this problem, conductor-
backed CPWs have been proposed and widely used in 
microwave integrated circuits due to several attractive 
features, such as low radiation losses, less dispersion and 
easy integration with active devices. Conductor-backed 
asymmetric coplanar waveguides (ACPWs) provide addi-
tional degrees of freedom to control the line characteristic 
and optimize the circuit performance [19], [20]. 
In this paper, the conductor-backed ACPW is adopted 
to realize the DBBPF and an asymmetric topology is intro-
duced to improve the selectivity and reduce the size. Fur-
thermore, an embedded CPW resonator is proposed to ob-
tain independently controllable transmission zeros for fur-
ther improving the selectivity. Two DBBPFs operating at 
GSM and DCS bands (890-960 MHz and 1710-1880 MHz) 
are designed to validate the proposed method. 
2. Filter Synthesis Formulas 
Fig. 1 gives the equivalent circuit of the proposed 
DBBPF. Each dual-band resonator consists of two stepped-
impedance open stubs, which are connected by an admit-
tance inverter (i.e., J-inverter). Assume that the central 
frequencies of the first and second passbands are f1 and f2, 
respectively. The electrical lengths of the open stubs with 
respect to f1 are  also  shown in  Fig. 1.  The susceptance of 
740 Z. WANG, S. FANG, ACPW DUAL-BAND BANDPASS FILTER WITH INDEPENDENTLY CONTROLLABLE TRANSMISSION ZEROS 
 
Fig. 1.  Equivalent circuit of the proposed DBBPF. 
the dual-band resonator is expressed by 
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with Y1 = 1/Z1, Y3 = 1/Z3, Ri = Z2/Z1, Rj = Z4/Z3. Then the 
susceptance slope parameter at its resonant frequency fr can 
be obtained by 
  
rff
r
r df
fdBf


2
 .  (2) 
The required slope parameters of the dual-band resonator 
at f1 and f2 are β1 and β2, respectively. Assume that α is the 
central frequency ratio (i.e., α = f2 / f1). The resonant condi-
tions and slope parameters can be written as the following 
four equations: 
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Note that the central frequency ratio α is given (for 
example, α = f2 / f1 = 1795 / 925 = 1.94 for the GSM/DCS 
dual-band filter), and β1 and β2 are determined by the pass-
band bandwidths. There are six unknowns (θi, θj, Ri, Rj, Y1 
and Y3) but only four equations (3)-(6). This allows us to 
directly assign values to two variables. For example, the 
values of Ri and Rj can be freely adjusted to find practical 
values for the possible realization of θi, θj, Y1 and Y3. Let 1 
and 2 be the relative bandwidths at f1 and f2, respectively. 
From the classical filter synthesis theory, we get that 
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where G0 is the termination conductance and gi (i = 0, 1, 2, 
3) is the low-pass prototype value. Equations (7) and (8) 
are the same since g0g1 is equal to g2g3 for Butterworth and 
Chebyshev filters. Generally, to make the filter more com-
pact, the admittance inverters (J01 and J23) at the input and 
output ports are chosen as J01 = J23 = G0 = 0.02 Siemens for 
50Ω system so that they can be realized by using 50Ω TLs. 
Thus, we get that [13] 
 
t
t
ggG 
10
0 , (t = 1, 2).   (9) 
Here we use same resonators at each stage and equal values 
of admittance inverters at the first and second passbands to 
simplify the filter design. Then, the admittance inverters 
between the resonators are determined by [13] 
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In [13], a transmission line (TL) shunted with open 
stubs at its ends was presented as a dual-band admittance 
inverter. Note that the open stubs can be merged into the 
open stubs of the dual-band resonators for a compact filter 
structure [13]. The characteristic impedance Za and electri-
cal length θa of the TL are calculated by 
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(a)                                                     (b) 
Fig. 2.  Layout of embedded CPW resonator: (a) top view,  
(b) cross-sectional view. 
3. Embedded CPW Resonator 
It is well-known that a λ/4 open stub can be used to 
realize a transmission zero. However, the impedance 
characteristic of the shunted TL is changed as a result of 
poor return losses in the passbands [16]. To reduce the 
effect of the open stub, we propose that the open stub is 
embedded in the central conductor strip of the 50 Ω CPW 
as shown in Fig. 2. The simulated performances of the 
embedded CPW resonator with We = 0.5 mm, Se = 0.3 mm, 
W0 = 2.44 mm, and S0 = 1.0 mm are given in Fig. 3. It is 
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seen that the stopband frequency increases with the de-
crease of Le, which is the length of the open stub. The re-
turn losses at 925 and 1795 MHz are more than 20 dB 
when 32 mm ≤ Le ≤ 38 mm. Therefore, the application of 
the embedded CPW resonator to the DBBPF operating at 
925 and 1795 MHz will have small effect on the passband 
performances when 32 mm ≤ Le ≤ 38 mm. 
 
Fig. 3.  Performances of the embedded CPW resonator. 
4. Layout and Implementation 
Fig. 4(a) gives the layout of the DBBPF with stepped-
impedance conductor-backed ACPW resonators. Four 90° 
bends and an asymmetric topology are introduced to reduce 
the size. By using the asymmetric topology, two additional 
transmission zeros can be obtained, which will be proved 
in Section 5. Furthermore, the ground planes of conductor-
backed ACPWs are connected to each other using via holes 
in order to avoid the generation of undesired waveguide 
modes. 
As an example, a two-pole Chebyshev DBBPF 
operating at GSM and DCS bands is designed and imple-
mented with a 1.524 mm-thick Rogers TMM-4 substrate 
with a dielectric constant of 4.5. The filter has a ripple of 
0.05 dB and equal ripple bandwidths of 8.6% at 925 MHz 
and 9.5% at 1795 MHz. From the classical filter synthesis 
theory [21], the Chebyshev low-pass prototype values are 
g0 = 1, g1 = 0.6923, g2 = 0.5585 and g3 = 1.2396. By using 
the formulas given in Section 2, we get Z1 = 60.00 Ω, 
Z2 = 69.58 Ω, Z3 = 60.00 Ω, Z4 = 59.64 Ω, Za = 51.24 Ω, 
θa = 61.21°, θi = 59.12° and θj = 32.73°. However, optimal 
electrical parameters of TLs must take account of the dis-
tributed capacitance effect of the open stubs at the ends. 
Therefore, the Advanced Design System (ADS) circuit 
simulator is used to optimize the electrical parameters of 
TLs with gradient optimization, the details of which in-
cluding the optimization variables and goals are shown in 
Fig. 4(b). After optimization, the electrical parameters of 
TLs are Z1 = 59.00 Ω, Z2 = 47.50 Ω, Z3 = 65.55 Ω, 
Z4 = 51.07 Ω, Za = 52.88 Ω, θa = 61.48°, θi = 56.94° and 
θj = 31.13°. Then using the ACPW synthesis model pre-
sented in [19], the physical dimensions are calculated. Also, 
the optimal dimensions must take the discontinuous inter-
face into consideration, and the final dimensions are ob-
tained by using HFSS EM software (version 11.0) with 
parametric sweep analysis for a good performance. Thus, 
the final dimensions are found and implemented as follows: 
L1 = 30.0 mm, L2 = 32.8 mm, L3 = 15.3 mm, L4 = 17.6 mm, 
La = 30.1 mm, Lo1 = 8.0 mm, Lo2 = 5.0 mm, and the strip 
and slot widths of ACPWs are given in Tab. 1. The photo-
graph  of the fabricated  DBBPF with  stepped-impedance 
     
                                           (a)                                                                                                              (b) 
Fig. 4.  a) Layout of DBBPF with stepped-impedance conductor-backed ACPW resonators. b) Simulation and optimization of the DBBPF in 
ADS2005 circuit simulator 
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conductor-backed ACPW resonators is shown in Fig. 5. 
The filter has the size of 60 mm × 95 mm (around  
0.32λg × 0.51λg, where λg is the guided wavelength at the 
center frequency of the lower passband). 
 
Fig. 5. Photograph of DBBPF with stepped-impedance con-
ductor-backed ACPW resonators. 
 (a) 
 (b) 
Fig. 6.  DBBPF with stepped-impedance conductor-backed 
ACPW resonators and embedded CPW resonators:  
(a) whole view, (b) partially enlarged view. 
 
Slot width Characteristic 
impedance 
Strip width 
W (mm) S1 (mm) S2 (mm) 
Z0 2.44 1.00 1.00 
Z1 1.70 1.10 0.60 
Z2 2.30 1.00 0.50 
Z3 1.20 1.00 0.50 
Z4 2.10 1.00 0.50 
Za 2.15 1.00 1.00 
Tab. 1.  Strip and slot widths of ACPWs. 
To further improve the selectivity, two embedded 
CPW resonators with different Le are inserted into the input 
and output ports of the DBBPF to add two transmission 
zeros, as shown in Fig. 6. To reduce the effect of the 
embedded CPW resonators on the GSM and DCS bands, Le 
is chosen to be 33 and 37 mm at input and output ports, 
respectively. Finally, the size of the DBBPF with stepped-
impedance conductor-backed ACPW resonators and 
embedded CPW resonators is 95 mm × 95 mm (around 
0.51λg × 0.51λg). 
5. Filter Performance 
To validate the designs, S-parameters of the fabri-
cated filters were measured with an Agilent PNA N5230A 
network analyzer setting the intermediate frequency band-
width of 100 kHz. An 85052D 3.5mm thru-reflect-line 
(TRL) calibration kit was used to de-embed the filter’s S-
parameters from the measured data. 
Fig. 7 gives the simulated and measured results of the 
DBBPF with stepped-impedance conductor-backed ACPW 
resonators. There is a good agreement between EM simula-
tion and measurement. From the comparison between the 
circuit simulation and EM simulation, two additional trans-
mission zeros are obtained by using the asymmetric topol-
ogy. This is probably due to the interaction of electromag-
netic fields between two open stubs located at the same 
side (above or below) of the TL with characteristic imped-
ance Za. It is also seen from Fig. 6 that the measured stop-
band attenuation of the DBBPF near the transmission zeros 
is more than 50 dB, which reveals a 20 dB improvement in 
comparison with the DBBPF in [2], [6], [10], [14]. The 
measured return and insertion losses of both passbands are 
better than 19 dB and 0.4 dB, respectively, which are better 
than the existing DBBPFs [1-14]. This attributes to the use 
of conductor-backed ACPWs, the radiation loss of that is 
much smaller than the microstrip line [20]. 
 
Fig. 7. Simulated and measured S-parameters of DBBPF with 
stepped-impedance conductor-backed ACPW resona-
tors. 
Fig. 8 shows the performances of the DBBPF with 
stepped-impedance conductor-backed ACPW resonators 
and embedded CPW resonators. Compared with the fore-
going DBBPF, two transmission zeros at 1245 and 
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1423 MHz are achieved by adding embedded CPW resona-
tors. Finally, a high selectivity DBBPF with seven trans-
mission zeros are obtained. Furthermore, the measured 
return and insertion losses of both passbands are better 
than 16 dB and 0.55 dB, respectively, which mean that the 
effect of the embedded CPW resonator on the passband 
performance is less than that of spurlines [16]. Some devia-
tion between the simulated and measured results is ob-
served, which is mainly due to fabrication tolerance. 
 
Fig. 8.  Simulated and measured S-parameters of the DBBPF 
with stepped-impedance conductor-backed ACPW 
resonators and embedded CPW resonators. 
 
Fig. 9.  Simulated and measured group delay of the proposed 
DBBPFs. 
Fig. 9 shows the simulated and measured group de-
lays of the proposed DBBPFs when the reference planes 
are chosen as shown in Figs. 5 and 6. The measured group 
delay of the DBBPF with stepped-impedance conductor-
backed ACPW resonators are 2.38 ns at 925 MHz with 
a variation within 0.70 ns for the first passband and 1.51 ns 
at 1795 MHz with a variation within 0.56 ns for the second 
passband. The variations against frequency for both pass-
bands are similar to those of the DBBPF in [22]. It is also 
seen from Fig. 9 that the measured group delay of the 
DBBPF with stepped-impedance conductor-backed ACPW 
resonators and embedded CPW resonators are 2.83 ns at 
925 MHz with a variation within 0.51 ns for the first pass-
band, and 1.95 ns at 1795 MHz with a variation within 
0.69 ns for the second passband. 
6. Conclusion 
Compact DBBPFs with stepped-impedance conductor 
backed ACPW resonators are presented and synthesis 
formulas are derived to estimate the electrical parameters 
of TLs. Using the proposed asymmetric topology and em-
bedded CPW resonators, a high selectivity DBBPF with 
seven transmission zeros including two independently 
controllable transmission zeros are realized. Two DBBPFs 
are designed and measured. The measured results show 
that stopband attenuation and passband matching of the 
proposed DBBPF are better than the existing DBBPF [2], 
[6], [10], [14]. 
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